Introduction: Lesser tuberosity osteotomy (LTO) is an attractive option for subscapularis management during anatomic shoulder arthroplasty due to the biomechanical strength and reliable bone-to-bone healing. Patients with humeral head avascular necrosis (AVN) may have compromised bone healing, and the outcomes of LTO during AVN are unknown. Methods: A retrospective consecutive case series of 6 patients with Cruess grade 4 or 5 humeral head AVN who underwent anatomic shoulder arthroplasty with LTO from 2010 to 2016 was performed. Postoperative radiographic evaluation for LTO healing at 6 months was analyzed, and clinical outcomes at latest follow-up, including range of motion (ROM), strength, and pain were studied.> Results: Average age was 50.3 years. AVN was secondary to sickle cell in 1 patient, steroid use for systemic lupus erythematosus in 4, and chronic alcoholism in 1. By 6 months after arthroplasty, 100% had radiographically united and healed LTO. Patients averaged 140 AE 21 of active forward elevation and 42 AE 7 of active external rotation. Patients reported an improvement in visual analogue scale pain from 8.3 preoperatively to 3.8 postoperatively. All patients had a normal abdominal compression test. No patients required revision surgery. Conclusion: The use of LTO during anatomic shoulder arthroplasty for AVN has an excellent bony healing rate with improvements in pain, ROM, and strength. The diseases that cause humeral head AVN do not negatively influence LTO healing outcomes during anatomic shoulder replacement. Level of Evidence: IV Case Series
Introduction
Shoulder arthroplasty is an effective procedure for treating pain resulting from shoulder conditions structurally effecting the glenohumeral joint articular surfaces including advanced stage avascular necrosis (AVN). 1 Recovery after shoulder arthroplasty is often dependent on subscapularis function. It is controversial which subscapularis approach is best to expose the glenohumeral joint. The 3 most commonly employed techniques include subscapularis tenotomy, subscapularis peel, and lesser tuberosity osteotomy (LTO). Each technique has its own advantages and disadvantages, but clinical studies fail to demonstrate clinically significant superiority of one over another. 2, 3, 4 It is unknown if atraumatic AVN, and its underlying diseases, negatively impact LTO healing potential. LTO offers an attractive technique for surgeons who are concerned about tendon to tendon healing in patients with AVN due to systemic disease, given the increased risk of subscapularis dysfunction and complete tendon tearing associated with subscapularis tenotomy compared to other management techniques. 3, 4 Little is known about the use of LTO as a subscapularis management strategy in shoulder arthroplasty for atraumatic AVN. The purpose of this study is to describe the outcomes of shoulder arthroplasty with LTO in patients with atraumatic humeral head AVN and to demonstrate the radiographic healing outcomes of LTO compared to other subscapularis management techniques. We hypothesize that LTO can be used to approach the glenohumeral joint during total shoulder arthroplasty (TSA) in patients with AVN of the humeral head with evidence of good bony healing and improved clinical function.
Methods

Study Design
This study is a retrospective consecutive case series of 6 patients with Cruess grade 4 or 5 humeral head atraumatic AVN who underwent anatomic shoulder arthroplasty with LTO at one institution from 2010 to 2016. Patients were identified by current procedural terminology code as part of an institutional review board approved study. All patients had preoperative computed tomography or magnetic resonance imaging to evaluate the integrity of the lesser tuberosity bone and to assess the glenoid for secondary degenerative changes. Patients lost to follow-up or without a minimum of 3 months clinical and radiographic follow-up were excluded from the study. Patients were not excluded for concurrent steroid use or disease modifying antirheumatic drugs.
Surgical Technique
A deltopectoral approach was used in all cases. The subscapularis and lesser tuberosity were identified, and the tendon was tagged with sutures. An LTO was performed using an oscillating saw to create a thin 3 to 5 mm wafer of bone. The humeral inferior capsule was elevated off the humeral neck. The anterior humeral circumflex vessels were not coagulated. A humeral head cut was made at the level of the anatomic neck for anatomic shoulder arthroplasty. Preparation and trailing of the humeral replacement was performed, and if required, the glenoid was prepared for a component. Prior to placement of the humeral component, four #5 nonabsorbable transosseous sutures were placed through the bony bed of the humeral osteotomy site with 3 wrapping circumferentially around the humeral stem. During LTO repair, the 4 sutures were tied to compress the LTO repair and a tension band #2 stitch was placed to off-load the LTO repair. Of the 6 cases of anatomic shoulder arthroplasties, 2 were total shoulder replacement and 4 were hemiarthroplasty. Patients were maintained in a sling postoperatively for comfort for 2 weeks allowing active-assisted forward elevation and external rotation (ER) as tolerated by pain starting postoperative day 1, with restriction on lifting, carrying, or active internal rotation behind their back. At 2 weeks postoperatively, all patients were started on outpatient physical therapy 2 times per week for 10 weeks with goals to begin active range of motion (ROM) and gentile resistance at 6 weeks postoperatively. By 12 weeks postoperatively, if the LTO appeared healing on X-ray, the patients were allowed to begin strengthening without restriction.
Data Collection
Data collection included demographic information, radiographic evidence of LTO healing (union, nonunion, or displaced nonunion), as well as clinical outcomes, including ROM, subscapularis strength with abdominal compression testing and internal rotation strength in the abdominal compression position performed by the examining physician, and pain measured with the visual analogue scale (VAS). The primary outcome measure was radiographic evidence of bony healing. Each case was assessed with standardized posteroanterior, lateral, and axillary radiographs of the shoulder at routine postoperative visits. Preoperative radiographs were available for all 6 cases, and postoperative radiographs with a minimum follow-up of 4 months were also available in all cases. All films were analyzed by 2 fellowship-trained orthopedic surgeons who reviewed images for bony healing at the site of the LTO. There were no cases of disagreement.
Statistical Analysis
Statistical analysis was done using Microsoft Excel, and results were expressed using percentages, means, and standard deviations. Student's t tests were used for analysis, with the level of significance for each test set at 5% (P < .05).
Results
Patient Population
Anatomic shoulder arthroplasty with LTO was performed in 6 patients: 1 male and 5 females. The average age at the time of surgery was 50.3 years. AVN was secondary to sickle cell in 1 patient (Figure 1 ), steroid use for systemic lupus erythematosus (SLE) in 4 patients, and chronic alcoholism in 1 patient. None of the patients were smokers, and none had preexisting diabetes mellitus. Patients had an average body mass index of 27.9 kg/m 2 .
LTO Outcomes
Average radiographic follow-up was 6 months, with a range of 4 to 7 months, after arthroplasty, by which time 100% had radiographically united and healed LTO (Figure 2 
Discussion
LTO had reliable 100% healing rate during anatomic shoulder arthroplasty for avascular necrosis due to SLE, sickle cell, and alcoholism. There are no prior reports of LTO usage, nor LTO healing rates, during arthroplasty for AVN of the humeral head. Reports of shoulder arthroplasty for AVN are limited 5 , and a systematic review of all available literature demonstrated no studies describing the use of LTO for subscapularis management. 5 The 3 largest studies of shoulder arthroplasty for atraumatic AVN were by the Mayo group with subscapularis tenotomy or peel performed in all cases. 6, 7, 8 In Schoch et al.'s article, 8 the operation-free survivorship for TSA in osteonecrotic shoulders was 88.5% at 5 years, 83.0% at 10 years, 78.8% at 15 years, and 78.8% at 20 years. Shoulder arthroplasty is effective for advanced stages of AVN of the humeral head but may have less optimal outcomes than TSA patients with osteoarthritis. 9, 10 In primary osteoarthritis, LTO healing rates have been reported to be between 86% and 100%. 11, 12, 13, 14 Our study is in line with expected LTO healing rates and included patients with various types of AVN including a majority of SLE and a minority of sickle cell and alcoholism patients with excellent LTO healing.
Risk factors for LTO healing have been identified in larger osteoarthritis case series to include tobacco use, male gender, and younger age. 14, 15 No studies have reported, nor identified inflammatory arthritis, AVN, osteoporosis, or other systemic diseases as risk factors for LTO failure. Gerber et al. initially reported 100% LTO healing in 39 arthroplasty patients, of whom 10 had inflammatory arthritis. 11 It is unknown if the inflammatory arthritis caused an AVN type of arthritis or a more common erosive arthritis. Nevertheless, these inflammatory arthritis patients had impressive 100% bony healing results after LTO. 11 The only report of LTO in AVN is from Boileau et al. who studied post-traumatic AVN with tuberosity malunion that required osteotomy of the malunited lesser tuberosity. 1 Boileau et al. demonstrated that LTO in cases of fracture malunion with AVN can heal and provide acceptable functional results, but that greater tuberosity osteotomy and repair should be avoided due to high nonunion rates and complications. 1 Biomechanical studies of LTO demonstrate robust strength and failure loads as well as decreased cyclic displacement. 16, 17 Van den Berghe et al. concluded that LTO repair not only was better than a tendon-to-bone ''peel'' repair but also produced the best repair strength and restoration of subscapularis strength. 18 Another study confirmed superior biomechanical results with LTO compared to tenotomy. 19, 20 But other studies have found no differences in maximum load to failure and strength between LTO, tenotomy repair, and peel. 20 Technical LTO failures have also been identified with LTO repair sutures pulling thru bone tunnels, so improved techniques utilize suture augments with cortical buttons or sutures around or through humeral stems have been developed. 18 In clinical shoulder arthroplasty studies, subscapularis management options of LTO, subscapularis peel, and subscapularis tenotomy all appear to have similar outcomes in pain relief, function, and patient-reported outcome scores. 4 Lapner et al. compared peel and LTO in a randomized study and found no differences in subscapularis strength testing, Western Ontario Osteoarthritis of the Shoulder (WOOS), and American Shoulder and Elbow Surgeons scores. 10 Furthermore, Buckley et al. reported no differences in belly press strength, bear hug strength, and Disabilities of the Arm, Shoulder and Hand, WOOS, and Constant scores. 16 Other studies demonstrate excellent LTO results with improved healing and functional outcomes. 11, 13, 14, 21, 22, 23 Furthermore, Scalise et al. demonstrated that LTO produced excellent clinical outcome scores, lower rates of postoperative subscapularis dysfunction, and universal healing of the LTO when compared to tenotomy. 13 When compared to subscapular peel, Shafritz et al. reported superior subscapularis testing with LTO. 24 The limitations to our study include the small number and mixed AVN etiology of patients in this case series. Also, the retrospective design has no control group for comparison of outcomes. The small sample size and majority of sickle cell and lupus patients, rather than idiopathic steroid induced AVN, may account for a higher than expected postoperative VAS pain score when compared to pain scores reported by Schoch et al. 8 Our study demonstrates that humeral head AVN does not negatively influence LTO healing outcomes and that LTO is likely a safe and effective surgical approach to subscapularis management during anatomic shoulder arthroplasty for AVN.
Conclusion
The use of LTO during anatomic shoulder arthroplasty for atraumatic AVN has an excellent bony healing rate with expected improvements in pain and ROM, with consistently good postoperative strength. Our results suggest that the diseases that cause humeral head AVN, specifically SLE, sickle cell disease, and alcoholism, may not be major risk factors for LTO healing. This study offers an initial case series supporting the use of LTO in patients suffering from atraumatic humeral head AVN who require shoulder arthroplasty.
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